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LOW INDUCTANCE BUS BAR CONNECTION

FIELD

This disclosure relates to the art of electrical connectors
and more particularly to a low inductance bus bar connector
for electrically connecting high voltage components in an
electric vehicle.

BACKGROUND

An electric vehicle typically has an electric motor that is
powered by a large capacity battery pack. The battery pack
typically acts as a high voltage (e.g., 300-400V) direct current
(dc) source. The electric motor is typically an alternating
current motor. Accordingly, in order to drive the electric
motor, the dc power from the battery pack is converted to
alternating current or quasi-alternating voltage or current by
an inverter. The inverter may be commercially provided in the
form of a power module, comprising an array of power
switches such as IGBTs, which form an inverter bridge as
known in the art. The power module is typically commer-
cially available in the form of a large isolated package (that
may be, for example, about 200 mmx100 mmx30 mm) with
several terminals for connecting to other electric drive com-
ponents.

The power switches in the power module are switched at a
relatively high frequency, e.g., 5 to 10 kHz or higher. At these
frequencies, the inherent inductance of the system can cause
large transient voltages to occur. These large transient volt-
ages are undesirable because they can require the system
designer to user more costly circuit components capable of
handling high peak voltages. It is therefore desirable to
reduce system inductance so as to avoid having to use such
costly circuit components.

The system inductance includes several sources of induc-
tance. One source of extraneous or stray inductance occurs in
the power lines or bus bar used to couple the power module to
other components of drive system.

For instance, in conventional high voltage electrical drive
systems a large smoothing capacitor is typically connected
across the inverter bridge. The smoothing capacitor is also
typically commercially available in the form of an isolated
package (which may be, for example, about 200 mmx70
mmx70 mm) with terminals for connecting to other compo-
nents such as the power module. A bus bar may be used to
connect the power module to the smoothing capacitor.

A conventional bus bar is a rigid high capacity conductor
with terminals for connecting to terminals of other electrical
components. Since the drive system is used in a vehicular
application where the system may be subject to significant
vibration during operation, the terminals of the various elec-
trical drive components may be securely fastened together
(e.g. using nuts and bolts that are fastened to one another with
a selected torque) to prevent unintended consequences.

A conventional bus bar can carry significant stray induc-
tance however, depending on its structure, size, the spacing
between the positive and negative rails, and how well aligned
the positive and negative rails are to one another. For example,
a conventional bus bar assembly may have an inductance in
the tens of microHenrys. The bus bar terminals and connect-
ing structure in particular are a source for stray inductance
since the structure of the bus bar is particularly non-uniform
at the terminals and connecting structure.
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It would be advantageous to provide a bus bar connector
that provides reduced inductance as compared to some cur-
rently available bus bar connectors.

SUMMARY

In one aspect, a set of bus bars is provided, comprising a
male bus bar and a female bus bar. The male bus bar includes
a first conductor overlying a second conductor and having a
first insulation layer positioned between the first and second
conductors. A portion of the male bus bar is a male connecting
portion that includes at least one finger provided by the first
and second conductors and the insulation layer. The female
bus bar includes a third conductor overlying a fourth conduc-
tor and having a second insulation layer positioned between
the third and fourth conductors. A portion of the female bus
bar is a female connecting portion that includes at least one
receptacle provided by a divergence between the third and
fourth conductors. The at least one receptacle has contact
surfaces that are free of insulation and that are positioned to
contact contact surfaces on the at least one finger which are
free of insulation so as to connect the first conductor and the
third conductor and to connect the second conductor and the
fourth conductor. The at least one finger has a width and a gap
exists between the contact surfaces of the at least one recep-
tacle. The width and the gap are sized to provide a press fit
between the at least one finger and the at least one receptacle
when the at least one finger is inserted into the at least one
receptacle.

The female bus bar may include an opening immediately
adjacent each receptacle so as to space each finger from other
portions of the female bus bar.

The male bus bar may have at least two fingers arranged in
parallel, in which case a slot is provided between each imme-
diately adjacent pair of projecting planar fingers.

At least one of (i) the first and second conductor and (ii) the
third and fourth conductors may include metal that flows.

The set of bus bars provides a smoothly flowing structure
that reduces stray inductance and reduces assembly complex-

ity.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other aspects of the disclosure will be
more readily appreciated having reference to the drawings,
wherein:

FIG. 1 is a perspective view of an embodiment of a bus bar
connector;

FIG. 2 is a partially exploded view of the bus bar connector
shown in FIG. 1; and

FIG. 3 is a magnified cross-sectional view along line I1I-I11
of FIG. 2.

DETAILED DESCRIPTION

FIG. 1 shows a set 8 of bus bars, including a first bus bar 10
and a second bus bar 20. The first bus bar 10 may include a
male connector portion 12. The second bus bar 20 may
include a female connector portion 22. The male connector
portion 12 is connectable to the female connector portion 22
as described in greater detail below. Due to the male and
female connector portions 12 and 22, the first and second bus
bars 10 and 20 may be referred to as male and female bus bars
10 and 20 respectively.

The first bus bar 10 (and therefore the male connector
portion 12) includes a first conductor 14 that may be planar,
whichis overlaid on a second planar conductor 16 that may be
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planar, with a first insulation layer 18 in between the conduc-
tors 14 and 16. In addition to providing the insulation layer 18
between the first and second conductors 14 and 16, the insu-
lation layer 18 may envelop the first and second conductors so
as to protect people against electric shock and to prevent
conduction into objects that inadvertently contact the conduc-
tors 14 and 16 while the conductors 14 and 16 are connected
to a voltage source. The portion of the insulation layer 18 that
envelops the first and second conductors 14 and 16 is not
shown in the figures so as not to obscure the conductors 14
and 16 themselves.

The first and second conductors 14 and 16 carry currents of
opposite polarities. The first conductor 14 may be a positive
conductor and the second conductor 16 may be a negative
conductor. Alternatively, the first and second conductors 14
and 16 may be negative and positive conductors respectively.

The second bus bar 20 (and therefore the female connector
portion 22) includes a third planar conductor 24 overlaid over
a fourth planar conductor 26 with a second insulation layer 28
in between the conductors 24 and 26. In addition to providing
the insulation layer 28 between the first and second conduc-
tors 24 and 26, the insulation layer 28 may envelop the third
and fourth conductors 24 and 26 so as to protect people
against electric shock and to prevent conduction into objects
that inadvertently contact the conductors 24 and 26 while the
conductors 24 and 26 are connected to a voltage source. The
portion of the insulation layer 28 that envelops the third and
fourth conductors 14 and 16 is not shown in the figures so as
not to obscure the conductors 24 and 26 themselves.

The third and fourth conductors 24 and 26 carry currents of
opposite polarities. The third conductor 24 may be a positive
conductor and the fourth conductor 26 may be a negative
conductor. Alternatively, the third and fourth conductors 24
and 26 may be negative and positive conductors respectively.

The conductors 14, 16, 24 and 26 may be formed from any
suitable material such as copper or aluminum. The insulation
layers 18 and 28 may be formed from any suitable material
such as a thin layer of epoxy glass or thin layers of Mylar®
bonded to Tedlar®.

The first and second bus bars 10 and 20 are only partially
shown. The bus bars 10 and 20 are connected (e.g. by wire
bonding) to first and second electrical components 30 and 32
(shown schematically in FIG. 1) respectively. The first and
second electrical components 30 and 32 may, for example,
form part of an electrical drive system for an electric vehicle.
The term ‘electric vehicle’ as used herein denotes a vehicle
that includes an electric traction motor (which may be
referred to simply as an “electric motor’, a ‘traction motor’ or
a ‘motor’ for convenience). The electric vehicle may also
include an internal combustion engine, or alternatively it may
lack an internal combustion engine. In embodiments wherein
an internal combustion engine is provided, the engine may be
operated simultaneously with the electric traction motor (par-
allel hybrid), or it may be operated only when a battery pack
for powering the electric traction motor has been substantially
depleted (or depleted to a minimum acceptable state of
charge). In embodiments wherein an engine is provided, the
function of the engine may be to propel the vehicle, to charge
the battery pack, both propelling the vehicle and charging the
battery pack, or for some other reason. Furthermore, the
electric vehicle may be any suitable type of vehicle, such as,
for example, an automobile, a truck, an SUV, a bus, a van or
any other type of vehicle.

The first electrical component 30 may be a power module
and the second electrical component 32 may be a smoothing
capacitor 32. The lengths of the bus bars 10 and 20 may vary
depending on the physical packaging space available and the
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length needed to span the distance between the components
(e.g. between the power module 30 and the smoothing capaci-
tor 32).

The male connector portion 12 may include a plurality of
fingers 50 which extend perpendicularly to the longitudinal
axis of the first bus bar 10, shown at A1. The female connector
portion 22 may include a plurality of receptacles 40 which
extend perpendicularly to the longitudinal axis of the second
bus bar 20, shown at A2 (which may be generally parallel to
the first bus bar axis Al. The male and female connector
portions 12 and 22 are connectable together by insertion of
the fingers 50 of the male connecting portion 12 into the
receptacles 40 of the female connecting portion 22 to form an
electrical connection between the first and second bus bars 10
and 20. Providing fingers 50 and receptacles 40 that extend
perpendicularly to the axes Al and A2 may facilitate joining
of'the male and female connector portions 12 and 22 together,
particularly when external components may be used to hold
and stabilize the connector portions 12 and 22 during inser-
tion of the fingers 50 into the receptacles 40. However, the
fingers 50 and receptacles 40 are not limited to any particular
angles and the connector portions 12, 22 may be in line with
the remainders of the bus bars 10 and 20.

As seen in FIGS. 1 and 2, there may be three receptacles 40
and three fingers 50 (i.e. each finger 50 has an associated
receptacle 40). In alternative embodiments there may be more
or fewer receptacles 40 and fingers 50. In an embodiment,
there could be as few as one finger 50 and one receptacle 40.

Each receptacle 40 is formed by a divergence between the
positive and negative conductors 24 and 26. Each receptacle
40 includes a plurality of spring portions 42, and first and
second contact portions 45 (one contact portion 45 for the
positive conductor 24 and one for the negative conductor 26).
The spring portions 42 may extend between a base portion 43
of the bus bar 20 and the contact portions 45. The contact
portions 45 have contact surfaces 46 thereon that contact
contact surfaces 47 on the fingers 50 so as to provide an
electrical connection with the fingers 50 of the bus bar 10. The
portion of the insulation layer 28 that is between the positive
and negative conductors 24 and 26 is not present in the recep-
tacles 40. Thus the contact surfaces 46 are free of insulation,
s0 as to permit the contact surfaces of the contact portions 45
to be conductive. The spring portions 42 are described further
below.

The receptacle 40 may be formed by individually stamping
or pressing each of the third and fourth conductors 24 and 26
prior to joining the conductors 24 and 26 together. An opening
44 is provided immediately inboard of each receptacle 40.
The openings 44 may be formed through a cutting operation.

The opening 44 underneath each receptacle 40 ensures
that, when an associated finger 50 is pushed through the
receptacle 40, the finger 50 does not contact another portion
of'the female connector portion 22 in order to prevent a short
circuit.

On the male connector portion 12 the fingers 50 are sepa-
rated by slots 54. The slots 54 may be formed by a cutting
operation. Each finger 50 is inserted into a corresponding one
of'the receptacles 40 so that one of the contact surfaces 47 that
is on the positive conductor 14 of the finger 50 contacts one of
the receptacle contact surfaces 46 that is on the positive con-
ductor 24, and one of the contact surfaces 47 that is on the
negative conductor 16 of the finger 50 contacts one of the
receptacle contact surfaces 46 that is on the negative conduc-
tor 26. Each finger 50 includes the portion of the insulating
layer 18 between the first and second conductors 14 and 16,
however the portion that envelops the outer surfaces of the
conductors 14 and 16 is not present on the finger 50 so that the
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contact surfaces 47 of the finger 50 are conductive and can
make a strong electrical connection with the contact surfaces
46 on the receptacles 40.

Each finger 50 may have a cross-sectional width (shown at
W) that is larger by a selected amount than a gap (shown at G)
between the contact portions 45 the receptacle 40. As aresult,
the physical connection between the fingers 50 and the recep-
tacles 40 may be by way of an interference fit. The spring
portions 42 and the contact portions 45 may flex to allow the
finger 50 into the receptacle 40 and provide a snug fit to
provide surface-to-surface contact across the interface
between the outer surfaces of the fingers 50 and the inner
surfaces of the contact portions 45 of the receptacles 40. If
desired, the end portion of each finger 50 may be tapered to
facilitate access into the corresponding receptacle 40.

The openings 44 adjacent each receptacle 40 prevent the
associated finger 50 from contacting portions of the bus bar
40 other than the contact surfaces 45 so as to prevent
unwanted electrical connections from being made between
portions of the finger 50 and any other portions of the bus bar
40.

In an embodiment the metal from which the fingers 50 are
made may be capable of flowing so that when the fingers 50
are inserted into the receptacles 40 the forces exerted on the
fingers 50 causes the metal of the fingers 50 to flow and fill
any spaces in between the fingers 50 and the contact portions
45 of the receptacles 40. As a result, there is surface-to-
surface contact across substantially the entirety of the mutu-
ally overlapping portions of their respective surfaces. This
may result in a permanent connection between the bus bars 10
and 20.

Instead of using a flowable metal for the entirety of the
conductors 14 and 16 of the fingers 50, it is alternatively
possible for the fingers 50 to be include a base portion made
from the conductors 14 and 16, and to further include coating
layer, on top of the base portion, which is formed from a
flowable conductive material, such as a flowable metal. The
coating layer permits the fingers 50 to flow sufficiently to fill
any spaces that might otherwise exist between the fingers 50
and the contact surfaces 45, thereby providing surface-to-
surface contact across substantially the entirety of the mutu-
ally overlapping portions of their respective surfaces.

Instead of the fingers 50 including a flowable material, the
receptacles 40 may alternatively include a flowable material.
In another alternative, both the fingers 50 and the receptacles
40 can include a flowable material.

In an alternative embodiment, the width W and the gap G
may be sized so that the fit between the fingers 50 and the
receptacles 40 is a press-fit instead of an interference fit. For
greater clarity, a press-fit may exist even if the width W is not
larger than the gap G (e.g. where the width W is the same as
the gap G or where the width W is slightly smaller than the
gap (), whereas for an interference fit, the width W is larger
than the gap G. When a press-fit is provided there may not be
a flow of material to ensure good contact between the contact
surfaces 46 and 47. When a press-fit is provided a conductive
adhesive or the like may be provided between the fingers 50
and the receptacles 40.

The bus bar connector 8 described above eliminates the
need to use bolts or screws, which reduces stray inductance,
simplifies assembly of the first and second bus bars 10 and 20,
and additionally reduces parts count associated with their
assembly to each other.
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Those skilled in the art will appreciate that various alter-
nations and modifications may be made to the embodiments
described above without departing from the fair scope of the
appended claims.

The invention claimed is:

1. A set of bus bars, comprising:

a male bus bar including a first conductor overlying a
second conductor and having a first insulation layer
positioned between the first and second conductors,
wherein a portion of the male bus bar is a male connect-
ing portion that includes at least one finger provided by
the first and second conductors and the insulation layer;
and

a female bus bar, including a third conductor overlying a
fourth conductor and having a second insulation layer
positioned between the third and fourth conductors,
wherein a portion of the female bus bar is a female
connecting portion that includes at least one receptacle
provided by a divergence between the third and fourth
conductors, wherein the at least one receptacle has con-
tact surfaces that are free of insulation and that are posi-
tioned to contact contact surfaces on the at least one
finger which are free of insulation so as to connect the
first conductor and the third conductor and to connect
the second conductor and the fourth conductor,

wherein the at least one finger has a width and wherein a
gap exists between the contact surfaces of the at least one
receptacle, wherein the width and the gap are sized to
provide a press fit between the at least one finger and the
at least one receptacle when the at least one finger is
inserted into the at least one receptacle.

2. A setofbus bars as claimed in claim 1, wherein the width
of the at least one finger and the gap between the contact
surfaces of the at least one receptacle are sized to provide an
interference fit between the at least one finger and the at least
one receptacle when the at least one finger is inserted into the
at least one receptacle.

3. A set of bus bars as claimed in claim 2, wherein the at
least one finger includes a flowable material that flows to
provide substantially complete surface-to-surface contact
between mutually overlapping portions of the contact sur-
faces of the at least one finger and the at least one receptacle.

4. A set of bus bars as claimed in claim 2, wherein the at
least one receptacle includes a flowable material that flows to
provide substantially complete surface-to-surface contact
between mutually overlapping portions of the contact sur-
faces of the at least one finger and the at least one receptacle.

5. A set of bus bars as claimed in claim 1, wherein the
female bus bar includes an opening immediately adjacent
each receptacle so as to space each finger from other portions
of the female bus bar when the finger is inserted into the
receptacle.

6. A set of bus bars as claimed in claim 1, wherein the
second bus bar includes a base portion and a plurality of
contact portions on which the contact surfaces of the at least
one receptacle are provided, and wherein the at least one
receptacle includes a plurality of spring portions extending
between the base portion and the plurality of contact portions
to permit the contact portions to move apart to accommodate
insertion of the at least one finger in the at least one receptacle.
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